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Abstract 
One of the reason that influences the students´ achievements at school is connected with their inner motivation. The attitudes of a 
students to the individual school subjects can be built or changed through the influence of the interaction with their own 
experiences. There are a lot of different factors, external or internal, but one of the main is the impact of a teachers at school. 
Geometry and geometrical thinking is strong connected with the educational process and according to Van Hiele (1999) is not 
age-dependent in the way of Piaget described development. In our investigation we focused to the students conceptions about a 
square in accordance with their ability to solve the tasks that are assigned to the different levels of geometrical thinking. We 
investigated also connections between their results in the pre-test and the post-test to their attitudes to the geometry. We used the 
attitude questionnaire and the typical geometrical tasks for the detection of the level of geometrical thinking according to van 
Hiele´s theory. Our sample consists of pre-service teachers of pre-primary and primary education. For evaluating the results, the 
implicative analysis with statistical software C.H.I.C. (Classification Hiérarchique Implicative et Cohésitiv) has been used.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Theoretical background 
Attitude towards mathematics plays a crucial role in the teaching and learning processes of mathematics. It 
effects students’ achievement in mathematics (Farooq & Shah, 2008). Researchers concluded that positive attitude 
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towards mathematics leads students towards success in mathematics. Attempt to improve attitude towards 
mathematics at lower level provides base for higher studies in mathematics. It also causes effect in achievement of 
mathematics at secondary school level (Ma & Xu, 2004). According to Haladyna et al. (1983), the general attitude 
of the class towards mathematics is related to the quality of the teaching and to the social-psychological climate of 
the class. The development of an attitude can be influenced also through good challenges to students. One of the 
most interesting challenges is to show pupils the importance of mathematics knowledge, skills and competencies for 
their everyday life and for their future work (Ceretkova et al., 2013). According to Svecova, Rumanova (2012) 
combination of knowledge and real life situation can also support students´ mathematical creativity. Every support 
of motivation in mathematics education is connected with creating a students´ attitudes to mathematics and 
geometry. We are focusing on the geometric thinking and conception of a square in this article. Every geometrical 
conception are connected with spatial ability too. The results of study of Guzel and Sener (2009) show that spatial 
ability (three-dimensional thinking) improves students’ understanding of symbols, shapes, tables, and figures. 
According to the theory of van Hiele (1999), there are five levels of geometrical thinking through which children 
move sequentially on their way to geometric thinking: visualization, analysis, abstraction, deduction and rigor. For 
the purpose of our investigation we will focus only on the first three levels, from the recognizing a square point of 
view. 
Level 1 (Visualization): students recognize figures by appearance alone; often by comparing them to a known 
prototype, the properties of a figure are not perceived; students make decisions based on perception, not reasoning. 
Level 2 (Analysis): students see figures as collections of properties; can recognize and name properties of 
geometric figures, but they do not see relationships between these properties;  when describing an object, a students 
might list all the properties they knows, but not discern which properties are necessary and which are sufficient to 
describe the object. 
Level 3 (Abstraction): students perceive relationships between properties and between figures; can create 
meaningful definitions and give informal arguments to justify their reasoning; logical implications and class 
inclusions, such as squares being a type of rectangle, are understood; the role and significance of formal deduction, 
however, is not understood (cited in Mason, 1999). 
2. Investigation of students´ concepts about square 
The sample of our investigation consists from 113 about 20 year’s old university students. They were university 
students of a preschool and elementary pedagogy and their study also included a lessons of an elementary geometry. 
These students were attended different kinds of the secondary schools in different towns in Slovakia. This fact is 
connected with various mathematical curriculum at schools, various teachers´ approaches and various students´ 
attitudes and achievements in mathematics, especially in geometry. According to the van Hiele´s theory, students’ 
geometrical knowledge depends on their education at school and their own experiences. That was the reason for 
choosing the sample of a students.  
2.1. Aims and methodology  
In accordance with theoretical bases mentioned above, the following aims of an investigation were stated: 
o to find out students´ attitudes to the geometry, 
o to analyze students´ solutions of the tasks about square, 
o to analyze relationships between correct and incorrect students´ results and their connections with the attitudes. 
For gaining the stated aims, students were asked: 
x to express and write their attitude to the geometry, 
x to solve three tasks based on the first three level of geometrical thinking according to van Hiele (each on one 
level) in the pre-test, 
x to solve two tasks focused on a square in the post-test.  
Students were solved the task in the pre-test at the beginning of a geometrical course. These tasks were chosen 
and adapted according to van Hiele´s test of geometrical thinking, but for determining the students´ level it is not 
enough.  However it was not a purpose of our investigation. The tasks were focused on the understanding of a 
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square and its properties on various levels. The tasks in the post-test were solved at the end of a geometrical course 
and students should apply the knowledge about square in their solutions. The main properties of a square: 
parallelism of the opposite sides, perpendicularity of an adjacent sides, same length of a sides; should be applicate in 
the first task’s solution and an identical area of a shapes in the second task.  Students’ attitudes to the geometry were 
written as a part of the post-test.   
Tasks in the pre-test 
Task 1 
Which of these shapes are squares: 
 
 
 
 
A.  No one is square 
B. Only Y 
C. Only X and Y  
D. Only Y and W 
E. All are squares 
 
Task 3 
What is correct: 
A. All properties of a rectangle are also 
properties of a square 
B. All properties of a square are also properties 
of a rectangle  
C. All properties of a rectangle are also 
properties of a parallelogram 
D. All properties of a square are also properties 
of a parallelogram 
E. None of the statements is true 
 
Task 2 
ABCD is a square.  
 
 
 
 
 
 
 
 
Which of the properties are valid in all 
squares: 
A. The segments BD and AB have the same 
length 
B. The segments AC and BD are 
perpendicular to each other 
C. The segments AD and BC are 
perpendicular to each other 
D. The segments AD and AC have the same 
length 
E. The angle at the vertex C is greater than the 
angle at the vertex B 
Tasks in the post-test 
Task 1 
Complete the square when its side AB is given 
in the square grid. 
 
 
 
 
 
 
 
 
 
 
Task 2 
What relation is between the areas of white 
and grey shape (consists of 4 triangles)?  
 
 
 
 
 
 
 
 
 
 
The following didactical variables were stated: 
x Type A: students´ attitude to the geometry – AP positive, A0+ more positive, A0 neutral, A0- more 
negative, AN negative. 
X Y Z W 
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x Type PE: students´ results in the pre-test – PE1C correct result in the task 1, PE1N incorrect result in the 
task 1, PE2C correct result in the task 2, PE2N incorrect result in the task 2, PE3C correct result in the task 
3, PE3N  incorrect result in the task 3. 
x Type PO: students´ results in the post-test – PO1C correct result in the task 1, PO1H partially correct result 
in the task 1, PO1N incorrect result in the task 1, PO2C correct result in the task 2, PO2N incorrect result in 
the task 2.  
Each didactic variable was assigned either value 1 (the variable in the pupils’ solutions occurred) or 0 (the 
variable in the pupils’ solutions did not occur). For evaluating the results, the implicative analysis has been used. We 
have worked with the C.H.I.C. statistical software (Classification Hiérarchique Implicative et Cohésitive) for a 
deeper analysis of dependencies and relationships, which was developed by Regin Gras et al. who works in 
Laboratoire Informatique de Nantes Atlantique. The implicative analysis is a powerful tool. It allows a clear 
visualization of relations of similarity and implication among the variables or classes of variables of the situation-
problem through the graphs elaborated by the C.H.I.C software. C.H.I.C. is a software tool that allows the 
implementation of Statistical Implicative Analysis by offering an effective interface for easy use (cited in Rumanova 
& Vallo, 2012). 
2.2. Evaluation and discussion 
There is the number of occurrences of an individual didactic variables in the figure 1.  As we can see, more than 
50% of students had positive and about 10% negative attitude to the geometry. The rest of a students had neutral, 
more positive or more negative attitude. Even about 95% of them were not able to solve a task on the van Hiele´s 
level 3, it means the task for secondary school students. Deeper analysis highlighted the fact that the biggest impact 
on the students´ geometrical knowledge and attitudes in our sample were obtained during their elementary school 
studies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Number of each students´ attitude 
We chose two graphs of the C.H.I.C. implicative analysis which were focused on the relationships between 
students´ results in the pre-test and the post-test, their conceptions about a square and their attitude to the geometry.  
There is an implicative tree for didactical variables types PE and PO in the figure 2. Implicative tree represents 
the implications or the equivalencies between some of the stated variables. During the evaluation of the experiment's 
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results, the first two levels in the graph are the most significant ones; the others are irrelevant. There are the 
implications between PE3C and PO1H and between PE2 and PO1C on the first two levels in our graph.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Implicative tree for didactical variables types PE and PO  
From the first implication follows, that if students were able to recognize a properties of a square on higher level, 
than they could complete a square from its one side given aslant only partially. They were able to use only some of 
the main properties of a square. This fact points to some formalism in students´ knowledge or their correct results in 
the third task of the pre-test were random. From the second implication follows, that if students were aware a 
properties of a square than they were able to complete a square from its side given aslant correct. It means, they 
knew apply all of a main properties of a square.   
The second chosen graph is implicative graph for all didactical variables in the figure 3. Implicative graph is 
reflecting the possibilities how a pupil could think about or consider the strategies of the procedure how to solve the 
task. It shows various percentage of intensity between variables or indicates the percentage of the pupils with the 
same knowledge who get to the next variable. Only relations between variables over 85% are interesting for the 
results of the experiment.  
 
 
 
 
 
 
 
 
 
 
stu 
 
Fig 3. Implicative graph for all variables 
The strongest implication is between neutral students´ attitude to the geometry and correct solution of the first 
task in the post-test. It means, that students with neutral attitude to the geometry were able for 96% to apply all main 
properties of a square when completed it. Positive attitude influenced for 86% students´ results in the first task of the 
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pre-test. Previous implication between PE3C and PO1H (Fig.2) occurred here for 93% and also implication between 
PE2C and PO1C for 93%. There are others implications over 85% between variables in the figure 3. On the basis of 
implication between PO1H and PE2N we can say, that if students can apply only some of a main square properties 
when complete the shape, they do not know all its properties. Further, if they had correct results in the first task than 
they had for 86% correct results in the second task in the post-test. It means, that if students knew and used the 
square´s properties, they understudied the same area of a square and its decomposition to four identical triangles.  
Implication between PO1C and PE3N points to the fact, that the correct completing a square for 86% led to incorrect 
answer to the relationships between properties of a square, rectangle and parallelogram. It can be said, that ability to 
complete a square from its one side given aslant in a square grid could be gained during elementary school study.  
3. Conclusions 
According to the results gained in our investigation, we can do several conclusions connected with our sample of 
a students which were about 20 years old. The biggest impact in the acquiring a positive attitude to the geometry had 
the elementary school education. The best results were gained by students with neutral attitude to the geometry. So, 
they did not have any negative experiences with a teachers or education at school and geometry was only one of the 
school subjects for them. The positive attitude to the geometry did not influenced students´ ability to applicate all 
properties of a square when completing it from its one side given aslant in the square grid. It is important also point 
to the students´ spatial abilities and skills in mental rotation with a square and visualizing it in the not standard 
position. The spatial abilities were not investigated in our work. Students´ results were also influenced by their level 
of logical thinking and ability to recognize causal relationships between geometrical elements of a shapes. Another 
reason is the visual perception of a students and their binding to the picture more that to the text. The secondary 
school education of geometry did not have bigger impact to the students´ conceptions and knowledge about square 
that were gained in the age about 10 – 12 years at the elementary school, according to the educational system in 
Slovakia. Also in the study of Pavlovicova, Barcikova (2013) is mentioned, that a square is the most familiar shape 
for pupils at the age 11-12. The pupils´ knowledge about a square influences their ability to solve geometrical tasks 
at a higher level, which could also include other shapes.  
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